Previous studies on the enzyme activities associated with plant particulate fractions have been limited to germinating seedlings or to storage structures derived from Angiosperm type plants (5, 10) . The preceding publication described some properties of mitochondria from seedlings and embryos of Pinus lambertiana, a Gymnosperm (15) . In this paper these studies have been extended to pine endosperm, a type of tissue not yet investigated.
Although the endosperm of Gymnosperm seeds is functionally analogous to the endosperm of Angiosperm seeds, it is of different origin and genetic constitution (3) . Therefore, only the desire to maintain a simplified nomenclature justifies the use of the term endosperm. Pine endosperm is haploid female gametophyte tissue, and does not result from a fusion between two or more nuclei as is the case in Angiosperms. This difference should be borne in mind in attempting to compare the results reported here to those from other plant tissues.
Metabolic and radioactive tracer studies were employed to obtain evidence for the Krebs cycle enzyme system in mitochondria isolated from homogenates of pine endosperm. Ungerminated and germinating sugar pine seeds were used for these studies. Some variations in the oxidative enzyme activity associated with these particles during the first ten days of germination are presented.
MATERIALS AND METHODS The majority of the studies were carried out on seeds harvested in September, 1954 had reflexed and the seeds had dropped out or could be shaken out. Seeds were then dewinged, cleaned by hand, and placed in a sealed glass jar which contained CaCl2 as a drying agent. The seeds were stored at 50 C until used.
In most of the experiments reported here, mitochondria were isolated from the endosperm of ungerminated seeds. The seeds had been soaked for six hours in aerated water at 50 C before the embryo and endosperm were separated. In a few experiments ( fig 1) seeds were prepared and germinated as previously described (15) .
Samples of endosperm weighing 50 to 75 grams were washed in a weak soltution of Duponol c to remove surface contaminants, and rinsed five times in sterile distilled water. This amount of endosperm was readily obtained, free of embryo, from about 300 seeds. The mitochondria were then isolated usingf the procedure employed in the studies on the embryo of the same species (15) . The reagents and methods employed in measuring oxidative respiration, radioactive carbon dioxide, and the nitrogen and organic acid assays were also the same as used in those studies. RESULTS KREBS CYCLE ENZYME ACTIVITY OF THE PARTICU-LATE FRACTION: The cofactors required for the oxidation of succinate and citrate by mitochondria from the endosperm of sugar pine seed are presented in table I. In general, the oxidation of citrate was affected more by the omission of various cofactors than was the oxidation of succinate. In particular, the oxidation of citrate was decreased by the omission of MNgSO4 and cytochrome c, whereas succinate oxidation was unaffected. The omission of AMP decreased the oxidation of both substrates, and ATP was able to substitute for AMP.
The omission of a commercial coenzyme concentrate, containing DPN+, TPN+, and CoA, also lowered the oxidation of citrate. An analysis of this ef- Since the endosperm is greatly reduced in weight and is discarded by the developing seedling shortly after growth begins, it was of interest to follow the changes in the different enzyme activities of the endosperm during germination. Figure 1 indicates that significant changes in enzyme activity occurred during the first ten days of germination. During this period the capacity of endosperm mitochondria to oxidize citrate increased five fold while the capacity to oxidize a-ketoglutarate increased approximately two fold. On the other hand, the oxidation of succinate by the mitochondria remained constant for 6 days and then markedly decreased. The respiration in the absence of added substrate was 0 to 5 ul per hour. Lieberman and Biale have shown that an apparent decrease in the mitochondrial succinoxidase activity of broccoli buds can be restored by grinding in a medium containing ethylenediaminotetraacetic acid and sucrose (9) . This treatment did not effect an increase in succinate oxidation by mitochondria from sugar pine endosperm. (2, 13) , one might conclude that the nutritive tissue present in germinating Angiosperm seeds contains a mechanism for aerobic respiration similar to that found in the maturing sporophyte. The present study extends this concept to include the ntutritive tissue sustaining the initial seedling development of a member of the Gymnosperms. The haploid endosperm (female gametophyte) of sugar pine seed was shown to contain the same oxidative pathway as was found in the diploid pine embryo and seedling (15) , and in the triploid endosperm of castor bean (2) . This study also provides a basis for consideration of the fundamental question: Is endosperm respiration due to the enzyme activity of the endosperm protoplasm, or to the secretion of enzymes into it from the embryo? This is a question that has frequently been asked (3, 12) . In sugar pine seed, it appears that all of the necessary respiratory enzymes are present initially in the endosperm tissue.
The relationship between the water content and enzyme activity of the endosperm reported here (table III) may provide certain basic physiological insights concerning seed germination. Laties has demonstrated the inhibitory effect of high osmotic concentrations on particulate enzyme activity (8) . Similar osmotic effects were noted with mitochondria from the endosperm of sugar pine. During the germination period the endosperm tissue of pine absorbs water to a given level, and then remains at this level throughout the greater portion of its functionin, period (14) . We may speculate that this level of water provides the proper intracellular environment essential to the functioning of the particulate enzyme units. Jansson (6) also observed a high degree of correlation between dehydrogenase activity and moisture content in germinating barley seeds. These results appear to substantiate the opinion of Toole et al (17) that "One of the early phases of the seed germination process must be the activation of the mitochondria enzyme svstems."
The capacity of mitochondria to metabolize increased amounts of citrate over succinate (fig 1) may be the result of changes in the absolute amounts of these enzymes, in their solubilities, or in their turnover rates. Other workers have reported a decrease in particulate succinoxidase activity in developing barlev and bean seedlings (4, 16) . A concomitant increase in endogenous respiration was also noted in these latter studies. This endogenous increase was not detected with mitochrondria from sugar pine endosperm. SUMMARY
1. 'Mitochondria from the haploid endosperm (female gametophyte) of sugar pine contain the enzymes of the Krebs cycle. Of the cofactors tested, only AIP was required for maximum oxidation of
